The combination of fluorouracil, oxaliplatin, and irinotecan plus bevacizumab (FOLFOXIRI-Bev) is an established and effective first-line chemotherapy regimen for metastatic colorectal cancer. However, resection rates of metastases and overall survival with this schedule have never been systematically evaluated in published studies including, but not limited to, the TRIBE (TRIplet plus BEvacizumab) trial.
(95% CI, 26.9%-52.8%), and the rate of R0 surgical conversions was 28.1% (95% CI, 18.1%-40.8%). Median pooled overall survival was 30.2 months (95% CI, 26.5-33.7 months) in 6 trials with data available, and progression-free survival was 12.4 months (95% CI, 10.0-14.3 months) in 9 trials with data available. In meta-regression analysis, variables significantly associated with conversion surgery were disease limited to the liver and a higher median number of cycles (close to 12). C olorectal cancer (CRC) is one the most frequently diagnosed malignant neoplasms worldwide and a leading cause of cancer-related death. 1 Approximately 25% of patients present with liver metastases at the time of the first diagnosis, and up to 50% will further develop recurrence in the liver during their disease course. 2 Surgical resection of metastases represents the only potentially curative strategy. In retrospective series, the 5-year survival rate of patients who undergo liver metastasectomy approaches 50%. 3 However, only 20% to 30% of patients with metastatic CRC have a disease that is confined to the liver. 2 Most of these patients have liver disease that is considered unresectable at presentation. 4 Nevertheless, because of the availability of effective chemotherapy regimens and the development of innovative surgical techniques, an increasing number of patients whose disease is initially considered unresectable may find that their disease becomes resectable following treatment (a process known as conversion therapy). According to recent data, after conversion hepatectomy, patients can achieve survival rates similar to those of patients who underwent liver resection initially.
5
As demonstrated by Folprecht and colleagues, 6 there is a strong correlation between response rates and liver resection rates among patients who have isolated liver involvement. In the metastatic setting, the addition of targeted agents to classic chemotherapy has been shown to significantly improve the objective response rate (ORR) and consequently increase the proportion of patients eligible for surgical resection.
7-10
Among the most effective treatment regimens in terms of ORR is the combination of fluorouracil, oxaliplatin, and irinotecan (FOLFOXIRI) with bevacizumab (FOLFOXIRI-Bev). This schedule yielded an 80% ORR among 30 patients with metastatic liver-limited disease (LLD), 40% of whom could undergo a curative (R0) resection.
11 The subsequent phase 3 randomized TRIBE (TRIplet plus BEvacizumab) trial, 12-14 which compared FOLFOXIRI-Bev with fluorouracil and irinotecan plus bevacizumab in a population of patients with unresectable metastatic CRC, showed a secondary curative R0 resection rate of 32% in the subgroup of patients with LLD. We therefore performed a systematic review and pooled analysis to assess the clinical efficacy of FOLFOXIRI-Bev, including longterm outcomes and rate of surgical conversion.
Methods

Search Strategy
The review was conducted according to the PRISMA guidelines for systematic reviews. 15 
Study Selection and Data Extraction
The search was then narrowed down to include only prospective clinical trials, retrospective cohort series, or prospective cohort series that used FOLFOXIRI and bevacizumab for the treatment of unresectable CRC. Individual case reports and case series including fewer than 10 patients were excluded for the high risk of publication bias. Only articles written in English involving humans with metastatic unresectable CRC were included. After this initial selection process, the remaining titles and abstracts were screened for relevance independently by 2 of the 6 authors (G.T. and F.P.). Finally, full-text articles were reviewed for all studies that appeared to meet the inclusion criteria. The primary end point was overall resection rate. Secondary end points were R0 resection rate, ORR, median progression-free survival (PFS), and overall survival (OS). Data were extracted independently by 2 reviewers (G.T. and F.P.) and entered into a standardized, predesigned Microsoft Excel form (Microsoft Corp). The following data were recorded: number of total patients, number of patients evaluable for response, dose and schedule, median cycles received, median OS, median PFS, ORR, rate of overall resections, and rate of R0 resections among all evaluable patients. Each reviewer also assessed the quality of reporting (Jadad scale 16 for randomized clinical trials and Newcastle-Ottawa Scale 17 for nonrandomized or retrospective studies).
Statistical Analysis
For dichotomous variables (resections and objective responses), we calculated raw proportions of events divided by the total number of clinically evaluable patients. Owing to the heterogeneity in study size and to the large variations in proportions, we calculated weighted pooled rates of events by the number of clinically evaluable patients, according to a randomeffects model to account for heterogeneity. Median pooled weighted OS and PFS were calculated with descriptive statistics. Subgroup analyses were performed per type of publication (abstract vs full article), site of disease (LLD vs not LLD), and type of study (retrospective or not randomized vs randomized). Analyses were conducted using Comprehensive Meta Analysis, version 3.exe software (Biostat, Inc). A metaregression analysis was also performed to investigate variables possibly associated with resection of metastases,
Key Points
Question What is the efficacy of fluorouracil, oxaliplatin, and irinotecan plus bevacizumab (FOLFOXIRI-Bev) in terms of secondary surgical resections in patients with metastatic colorectal cancer?
Findings In this systematic review and pooled analysis of 11 studies of FOLFOXIRI-Bev for metastatic colorectal cancer, the rate of overall surgical conversions was 39.1% and the rate of R0 surgical conversions was 28.1%; the objective response rate was 69%.
Meaning In patients with unresectable metastatic colorectal cancer, FOLFOXIRI-Bev is associated with a significant objective response rate and a probability of surgical conversion of distant metastases approaching 40%. Overall, more than one-fourth of patients achieve an R0 resection.
including performance status, rate of LLD, median number of cycles, and median age. An extensive search strategy was made to minimize the potential for publication bias. Graphical funnel plots were generated to visually assess a publication bias for primary end points. The Begg test 18 and Egger funnel plots 19 were performed to assess the funnel plot asymmetry.
Results
Literature Search
Overall, 820 records were identified according to the search strategy; 800 records were excluded after screening the titles and abstracts. Of the remaining 20 potentially relevant studies, 5 were excluded because of a lack of bevacizumab in combination with FOLFOXIRI, because of a different schedule of the 4 agents or the use of capecitabine instead of fluorouracil, or because of the association of chemotherapy with other targeted therapies. Ultimately, we enrolled 11 studies involving 889 patients with CRC. 11, 13, 14, [20] [21] [22] [23] [24] [25] [26] [27] Figure 1 shows the studies' selection process.
Included Studies
The studies included were published between 2010 and 2016 and comprised 1 prospective cohort study, 2 retrospective cohort studies, 2 phase 2 studies, 1 phase 1-2 study, 4 randomized phase 2 studies, and 1 phase 3 study. Follow-up data were available for 6 studies, with a median follow-up period between 15. 
Patients' Characteristics
Almost all patients included had metastases of CRC deemed unresectable at the time of study entry. Of these patients, 18% to 100% had LLD (only in 1 study was the rate of patients with LLD not reported). The median age of these patients was generally younger than 70 years (range, 56-63 years). The median number of cycles received ranged from 5 to 12 in 6 publications with such information available.
Pooled Overall and R0 Resection Rate
Overall rates of resection of metastases were available in 8 studies, and rates of R0 resections were available in 8 studies. The pooled rate of overall resections was 39.1% (95% CI, 26.9%-52.8%; I 2 = 84.4% according to the random-effects model; Figure 2 ), and the pooled rate of R0 resections (all sites of surgical procedures) was 28.1% (95% CI, 18.1%-40.8%; I 2 = 85.0%).
The pooled overall resection rate was similar when excluding series published in abstract form, at 38.8% (95% CI, 28.7%-59.2%; I 2 = 85.4%). The sizes of the data markers vary according to the number of patients in the study.
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Original Investigation Research jamaoncology.com (Reprinted) JAMA Oncology July 2017 Volume 3, Number 7 3/6 overall resection rate was 36.6% (95% CI, 24.6%-50.5%). For patients with LLD, the overall rate of resections was 62.2% and the rate of R0 resections was 54.7%; in all patients who did not have LLD, the overall rate of resection was 28.7% and the rate of R0 resections was 16.9%. Meta-regression analysis showed that the only variables significantly associated with resection were the rate of LLD and a higher median number of cycles administered.
Overall Response Rate and Outcome (Median OS and PFS)
The rate of R0 resections in only published studies was 22.8% (95% CI, 14.1%-34.7%; I 2 = 83.7%). In randomized studies, the rate of R0 resections was 23.3% (95% CI, 10.1%-45.3%; I 2 = 91.6%), and in nonrandomized studies, the rate was 32.1% (95% CI, 17.9%-50.8%; I 2 = 81.9%). Overall, 10 authors presented ORR data (complete and partial responses), with a pooled ORR of 69% (95% CI, 65%-72%; I 2 =25%; Figure 3 ).
The pooled median OS was 30.2 months (95% CI, 26.5-33.7 months) in 6 trials with data available. The pooled median PFS was 12.4 months (95% CI, 10.0-14.3 months) in 9 studies with data available. Efficacy results are presented in the Table. According to the Begg test, there was no obvious publication bias (Figure 4) . However, the results of the Egger test were significant. The 1-study-removed procedure showed that the resection rate could be 35.4% when the study by Gruenberger et al 23 was removed and could be 43.5% when the study by Bendell et al 20 was removed.
Discussion
The treatment of metastatic CRC has rapidly evolved during the last few years, and the outcomes of patients have significantly improved thanks to the availability of novel biologic targeted agents combined with traditional chemotherapy and to the refining of surgical indications. However, the resection of metastatic disease still represents the only strategy potentially leading to a definitive cure. The results of this systematic review and pooled analysis confirm the significant clinical value of the intensification of chemotherapy in combination with the inhibition of angiogenesis in downsizing CRC metastases and facilitating secondary resection. Findings indicate that FOLFOXIRI-Bev is associated with an ORR of 70%, which translates to a 40% probability to undergo surgical conversion in a population initially deemed to have unresectable metastatic disease. The rates of R0 resections were also high, and these interventions were possible for more than 25% of all patients.
A multidisciplinary approach is mandatory to ensure that patients with upfront unresectable metastases may be properly managed. In fact, criteria for resectability have The sizes of the data markers vary according to the number of patients in the study. expanded in recent years, and an increasing number of patients can be converted to surgery after an initial systemic treatment approach. Systemic conversion therapy may include combinations of chemotherapeutic agents (fluorouracil, irinotecan, or oxaliplatin) alone or in combination with monoclonal antibodies targeting angiogenesis (ie, bevacizumab) or agents that act on the epidermal growth factor receptor pathway (ie, cetuximab and panitumumab). Since probability to undergo liver surgery increases with response rate, 6 the choice of the upfront chemotherapy regimen is of the utmost importance, especially for patients with only liver involvement. A recent meta-analysis showed that the association of monoclonal antibodies with standard chemotherapy has the potential to significantly enhance the efficiency of surgical conversion in patients with potentially resectable CRC liver metastases. 29 Compared with antivascular endothelial growth factor agents, anti-epidermal growth factor receptor agents may be more effective, particularly in the subgroup of patients with wild-type RAS (KRAS, OMIM 190070; NRAS, OMIM 164790) biomarkers. No significant benefit was provided by the addition of either targeted agent for patients with mutant RAS. Our findings are particularly interesting if we consider that only 3 studies among all examined included patients with LLD. As seen in the results of our secondary analyses, in this specific subgroup, overall and R0 resection rates are expected to be even higher (62.2% overall and 54.7% for R0 resection). In addition to LLD, receiving a high number of chemotherapy cycles (close to 12) seemed to significantly enhance the probability of undergoing secondary liver surgery. Consistent with these data, the results of the randomized phase 2 OLIVIA trial, 23 conducted for 80 patients with upfront unresectable LLD, clearly demonstrated that FOLFOXIRI-Bev was better than fluorouracil and oxaliplatin plus bevacizumab in terms of ORR (81% vs 62%), overall resection rate (61% vs 49%), R0 resection rate (49% vs 23%), and PFS (18.6 vs 11.5 months). Although coming from indirect comparisons, our results seem to compare favorably with those reported in trials of doublet chemotherapy plus cetuximab, 9,30-32 where R0 resection rates vary from 11.8% to 38.0%.
Results from studies evaluating chemotherapy plus antiepidermal growth factor receptor agents refer to patients molecularly selected for not presenting with RAS mutations. Conversely, data from our analysis are derived from a series of biologically unselected patients in which more than 50% of tumors were RAS-orBRAF (OMIM 164757)-mutated overall. Since the adverse prognostic role of RAS and BRAF mutations in metastatic CRC 33 is now well established, the inclusion of patient populations with such a poor prognosis was likely to result in a more conservative estimation of the treatment effect on patients with wild-type RAS, where the prognosis is expected to be reasonably better. Finally, overall OS and PFS results (OS, 30.2 months; PFS, 12.4 months), although not striking, are highly consistent with those reported in the phase 3 TRIBE trial, probably reflecting the poor prognostic baseline characteristics of a population of patients with extensive metastatic involvement who were unselected for secondary resection intent.
Limitations
Some limitations of this meta-analysis must be pointed out. Some studies were small prospective single-institution phase 2 trials that could have overemphasized the final results. Also, the rate of resections could have been reported differently according to the primary site of disease (colon cancer with LLD) and the ability of the surgeons of the enrolling centers. Finally, the pooled analysis is not able to compare FOLFOXIRI-Bev with other active regimens but only describe the efficacy of this combination in an unselected population of patients with very advanced CRC. However, this systematic review includes all published series enrolling patients treated with FOLFOXIRI-Bev in phase 2 to 3 trials, including but not limited to the TRIBE study, and identifies a combination extremely useful for conversion purposes.
Conclusions
Our findings show that FOLFOXIRI-Bev represents a very effective therapeutic combination associated with a significant ORR. For patients with molecularly unselected and surgically unresectable metastatic CRC, triplet chemotherapy plus bevacizumab is able to not only control disease dissemination but induce rapid and deep cytoreduction that may translate into consistent probabilities to undergo secondary resection. Therefore, a multidisciplinary approach to advanced CRC is crucial to guarantee an optimal integration of highly active upfront treatments with surgical procedures to ultimately improve patients' long-term outcome.
